This report documents The Nambe Pueblo Water Budget and Water Forecasting model. The model has been constructed using Powersim Studio (PS), a software package designed to investigate complex systems where flows and accumulations are central to the system. Here PS has been used as a platform for modeling various aspects of Nambe Pueblo's current and future water use. The model contains three major components, the Water Forecast Component, Irrigation Scheduling Component, and the Reservoir Model Component. In each of the components, the user can change variables to investigate the impacts of water management scenarios on future water use. The Water Forecast Component includes forecasting for industrial, commercial, and livestock use. Domestic demand is also forecasted based on user specified current population, population growth rates, and per capita water consumption. Irrigation efficiencies are quantified in the Irrigated Agriculture component using critical information concerning diversion rates, acreages, ditch dimensions and seepage rates. 
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Executive Summary
This report documents The Nambe Pueblo Water Budget and Water Forecasting Model. The model has been constructed using Powersim Studio® (PS), a software package designed to investigate complex systems where flows and accumulations are central to the system. Here PS has been used to model the Nambe Pueblo current and future water use. The model contains three major components, the Water Forecast Component, Irrigation Scheduling Component, and the Reservoir Model Component. The user can change variables to investigate the impacts of water management scenarios on future water use. The Water Forecast Component includes forecasting for industrial, commercial, and livestock use based on user inputs that specify start dates, initial water consumption, growth rate and maximum water consumption. In the case of livestock, maximum heard size is used instead of maximum consumption. Domestic demand is also forecasted based on user specified current population, population growth rates, and per capita water consumption. The Irrigated Agriculture section is a significant part of the model. Results from this section are used in the Water Demand Forecast, Irrigation Scheduling, and the Reservoir Model components. In the agriculture section, the user has numerous options for investigating irrigation efficiencies through changes in diversion rates and improvements in irrigation ditch infrastructure. The Water Demand Forecast Component adds the diversion demand calculated in the Irrigated Agriculture Section to that of the other water use categories. The Irrigation Scheduling Section contains comparisons between three irrigation schedules, a top down schedule where irrigation commences at the first field at the top of the system and continues in sequence to the last field, a bottom up schedule where the opposite occurs, and a random schedule. The Reservoir Component contains two sections, both of which use input from thirty three years of United States Geological Survey (USGS) gauging station data. The Storage and Inflow Accumulations by Categories section calculates Nambe Pueblo storage in the Nambe Reservoir as a function of time using a calibrated reservoir model where upstream of the reservoir and pre dam USGS stream flow data are fed into the reservoir model and the out flow is simulated. This section also tracks the accumulation of several categories of stream flow of interest to Nambe Pueblo over time. The Release, Diversion, and Shortages section of the Reservoir Component also uses the calibrated reservoir. This component is used to explore the impact that shortages and abundant water have on the duration of irrigation events and tracks the number of days that user set irrigation diversion rates are not met. Both of these results are dependent on user selected values in the Irrigated Agriculture Section which provides the ability to evaluate the impacts of irrigation efficiency on Nambe Pueblo reservoir storage and irrigation shortages. To use the model, the user changes the value of variables through slider bars, adjustable graphs, and tables. In the Domestic Demand and Irrigated Agriculture Demand components, the model calculates some out-put instantaneously as the input values are changed. In contrast, water use forecasting and reservoir related calculations require the model to be "ran". This means that the model does a new calculation on each time step starting with a "start time", and continues to run until the "stop time". As a result of this process, calculated results for each time step are displayed on time series plots. The Nambe Pueblo Model is set up to run over two different intervals and two different time steps. The Water Forecast Component runs from 10/1/2001 to 12/1/2061 with a 7 day time step while the Irrigation Scheduling and Reservoir Components run for three years (the user chooses the years to run the model over) with a 0.5 day time step. The Nambe Pueblo Water Budget and Forecast Model is a complex compilation of measured data and calculations and, yet the model is accessible to the non-technical user through a user friendly interface. Time and effort on the part of the user are required to gain insight into the implications of the model results, to evaluate the model for inaccuracies, and to identify improvements that may help Nambe Pueblo gain a better understanding of their future water use. The author encourages users to provide feedback so that shortcomings in the model can be assessed and corrected and other changes can be made that improves the utility of the model to Nambe Pueblo.
Introduction
Project Background
This report documents The Nambe Pueblo Water Budget and Water Forecasting Model which was developed specifically to quantify current and future water use on Nambe Pueblo lands. This report serves as 1) a reference of data sources 2) documentation of model calculations and 3) a manual that helps to familiarize users with the user interface. Model outcomes are based on user selected inputs related to both water use efficiencies and forecast variables such as future population growth, resident population growth and irrigated acreages. The user can easily change the inputs, run the model and observe the output in a matter of minutes. The funding for this project was provided by the Sandia National Laboratories (SNL) New Mexico Small Business Assistance Program (NMSBA) where businesses can sponsor NMSBA projects to gain technical assistance from Sandia and Los Alamos National Laboratories. The technical assistance must address problems that will be of economic benefit to an individual business or a group of business with a common problem. This project was supported with several Sole Proprietorship agriculture businesses within the Nambe Pueblo and has a potential to help the irrigation community on the Pueblo to both prioritizing capital improvements and to develop quantitative arguments for making those improvements. These capital improvements in turn would increase irrigation efficiencies and would result in more production per acre from the existing irrigated acreage or result in increased irrigated acreage. Other economic benefits of the model to Nambe Pueblo include the time savings in acquiring the data for, and development of a similar model that could be used for quantifying current and future water use on the Pueblo. The Nambe Pueblo Water Budget and Water Forecasting Model consists of several sections, each addressing a unique component water use at Nambe Pueblo. The model is built on the Powersim Studio ® software, a personal computer based software package specifically designed for development of mathematical models that capture complex interdependencies between systems components and allows end users to investigate system behavior through a user friendly interface.
Nambe Pueblo Lands and Water Use
The Nambe Pueblo lands are located in the western foothills of the Sangre de Cristo Mountains of north central New Mexico in northern Santa Fe County. The eastern boundary of Nambe Pueblo lands abuts the United States Forest Service (USFS) Pecos Wilderness. Most of the 19,000 acre reservation land and the entire developed portion of Nambe Pueblo are within the Rio Nambe drainage basin and concentrated adjacent to the Rio Nambe. Upstream of the Nambe Pueblo developed lands on the Rio Nambe, and within the Nambe Pueblo lands is the United States Bureau of Reclamation (USBR) San Juan-Project (SJP) Nambe Reservoir. This reservoir provides shared storage for Nambe, San Ildefonso, Pojoaque Pueblos and non-Indian surface water irrigators. All of the irrigation water users along the Rio Nambe are members of the Pojoaque Valley Irrigation District (PVID), an intermediary administrative organization that manages transaction between the PVID irrigators and the USBR's SJP. Within the boundaries of Nambe Pueblo are numerous private non-Indian in-holdings, most, if not all of which are located within the irrigated areas adjacent to the Rio Nambe. These private lands include currently irrigated fields and fields that have been converted to residential lots. Irrigation water for the non-Indian fields is provided through irrigation ditches shared with Nambe Pueblo. Nambe Pueblo obtains all of its non-irrigation water from two wells located within the populated area of the pueblo. Well water is predominantly used for domestic use and, perhaps a small percentage is used for livestock watering.
Nambe Pueblo Water Resources
Rio Nambe
The Rio Nambe basin reaches an elevation of 12,600 feet to the east within the Pecos Wilderness of Santa Fe National Forest and drains an area of 35 square miles. Nambe Reservoir, constructed as part of the SJC project with the first year of water impoundment in 1976, has a dam crest elevation of 6840 feet above mean sea level and is on record with the USBR as having 2023 acre feet (af) of storage with an active storage capacity of 1665 af. However, sediment inflows since dam construction may have decreased the active storage. In particular considerable sediment was deposited in the reservoir following an intense monsoonal rainstorm of 
Groundwater
Ground water provides Nambe Pueblo with domestic water and other water uses. Nambe Pueblo has two domestic wells that feed water to storage tanks and distributes the water to homes through a subsurface network of pipes. Nambe Pueblo does not have a water treatment plant; rather effluent is either routed to septic systems or to two open air sewerage ponds within Nambe Pueblo lands.
Nambe Pueblo Water Use Overview
Water use in New Mexico is typically divided in to five categories by the New Mexico Office of the State Engineer (OSE): 
Reservoir Evaporation
Of these categories, Nambe Pueblo water use currently consists of domestic, irrigated agriculture, livestock, and commercial. Nambe Pueblo does not have an industrial use for water. Nambe Pueblo owns and operates the Nambe Falls Travel Center, located south of the town of Pojoaque, N. M. on U.S. 285 several miles to the southwest of Nambe Pueblo. Water for the travel center is Nambe Pueblo's only current commercial water use. The water supply for the travel center is obtained from a well adjacent to the center. Nambe Pueblo's potential commercial water use includes water for a Casino and a Hotel. Potential industrial use includes water for a bottled water plant. Nambe Pueblo has no plans to use water for mines or power generation. Evaporation from Nambe Reservoir is distributed among all PVID users on a monthly basis and proportional to the average monthly reservoir storage of each user. The USBR is charged with tracking reservoir evaporation losses and assigning losses to the water storage uses. Table of Contents page also has hyperlinks to the Introduction and Nambe Pueblo Overview pages. The introduction presents the same information presented in the introduction of this report while the Nambe Pueblo Overview page contains a photographic collage illustrating Nambe Pueblo's surface water resources and its agricultural use of that water.
Model Structure
The Model Structure page (Figure 0-1 
Domestic Demand
The Domestic Demand page has user inputs, time independent calculated results based on the user inputs, and four time series plots ( In this equation, Future Population is the Initial Population + the population from the previous time step. Population Growth Rate Annual is the user specified population growth rate, and 365<<da>> is the number of days in a year. The Future Population variable is divided into two population categories, those living on the Nambe Pueblo lands (residents) and those living off of Nambe Pueblo lands (non-residents). The non-resident population growth is calculated using the same population growth equation as that given in Equation 1. All other calculations involve simple divisions or multiplications of the user input variables.
Domestic Water Demand User Interface
Current Nambe Pueblo Population 
Industrial, Commercial, and Livestock Demand
Industrial, Commercial, and Livestock Demand are discussed together in this section as the Industrial ( 
Irrigated Agriculture Component
The Irrigated Agriculture component of the model feeds results to the Water Demand and the Reservoir model components and provides the user with numerous inputs to investigate impacts of potential improvements in irrigation efficiency on the total required diversion from the Rio Nambe. This model component is strictly time independent so that the model does not have to be "ran" to see the results, rather the results are calculated and displayed as the input variables are altered.
Irrigated Agricultural System Description
Nambe Pueblo has two main irrigation ditches, the Highline and the Consolidated as illustrated in USGS Digital Orthophoto Quadrangle based areal photo map in Figure 0-1. Drawn on the map are traces of the Rio Nambe, the Consolidated and Highline ditches and the Nambe Pueblo irrigated lands. The caption describes the figure in detail.
Both the Highline and Consolidated ditches divert water from the Rio Nambe through substantial concrete structures and low head concrete dams. Each ditch has a Parshall flume in close proximity to the diversion and both ditches are concrete lined in the upper reaches of the ditches. In general the concrete ditches are in good condition; however fractures and displacements due to the close proximity of trees and other substantial vegetation are common.
Irrigation System Model and Data Description
The Irrigated Agriculture component of the model is built on information from field surveys; a scaled areal photograph; Interviews with Herbert Yeats, tour of Nambe Pueblo by Benjamin Yeats; and a GIS map provided by the Bureau of Indian Affairs. This information was compiled to derive critical irrigation system measures such as farm acreages, farm ditch locations, farm head gate locations, ditch construction types, condition of the ditches and ditch widths. Note that for the purposes of this model, Irrigation ditches are defined as the ditches which supply water to the farm head gates and the farm ditches are defined as the ditches that carry water from the head gate to each of the farms. The model calculates seepage and evaporation rates for each section of irrigation ditch located between the farm head gates and for each farm ditch, and for all farm ditches feeding off of each irrigation ditch. The seepage rates are dependent on user selected seepage per unit area and ditch dimensions (width and depth) for each irrigation ditch section The seepage rates are subtracted from the user selected River Diversion Rate to give a delivery rate at each farm head gate along the irrigation ditch. Seepage and evaporation rates of each farm ditch are subtracted from the farm head gate delivery rate to obtain a delivery rate at each irrigated field. Finally a user selected Consumptive Irrigation Requirement Plus Field Loss (CIR+FL) rate is added to the irrigation and farm ditch losses for all farms on each irrigation ditch to give the total required farm irrigation rate for each farm. The CIR+FL is also multiplied by the acreage of each farm to obtain the total required delivery for the irrigation season for each farm. The total required delivery is then divided by the farm delivery rate to obtain the required days to deliver the CIR+FL.
The model default ditch dimensions are based on field measurements of width and depths of water in the ditches with the river diversion at 6 cfs as measured at the Parshall flumes close to the river diversion location. Approximate ditch lengths were obtained from a scaled areal photograph provided by Benjamin Yeats on which locations of farm head gates, farm irrigation ditches, and irrigated farms were plotted by Herbert Yeats. This areal photograph originated from the BIA and is likely based on digital areal photographs available through Santa Fe County. The areal photograph has higher resolution then the USGS Digital Orthophoto Quadrangle based maps. The BIA map was used to construct the schematic of the Nambe Pueblo irrigation system in Ditch evaporation is calculated from evapotranspiration (ET) rates calculated with the Hargreaves' Equation (Hargreaves, 1975) and converted to open water evaporation rates. Seepage rates are calculated using per unit area irrigation ditch seepage rates for typical soils in Northern New Mexico published by the USDA (2001). For this calculation, all ditches were assumed to have vertical sides (see Appendix B for seepage loss calculation details. The seepage rate calculations essentially involve multiplication of the ditch wetted perimeter by the length of the ditch and the seepage rate specified by the user. The use of flow rate versus wetted perimeter rating curves would be ideal to use for this calculation. These curves could be developed through measurements at points along the ditch at different diversion rates, or they could be estimated using the Manning's equation, an empirically derived formula relating flow velocity to channel depth, width, and channel roughness and slope. Unfortunately the data required for accurate implementation of one or the other of these approaches does not exist and the resources required to obtain the measured field data are not available. In the absence of the required measured data as discussed above, a simple approach was used to alter calculated seepage rates as a function of user input diversion rates. This method involves multiplication of calculated seepage by the ratio of the user specified diversion rate to 6 cfs diversion rate under which measured depths and water surface widths were obtained. Certainly this method introduces error in the calculation of the seepage rates; however it constrains seepage in a consistent manner with regards to the diversion rate and prevents extreme over estimation of seepage at low diversion rates that result in negative flow values at head gates. Because of the numerous user input options, the Irrigated Agricultural Demand Component has its own table of contents (Figure 0 -3) where links to ten pages provide access to the following user adjustable irrigation related variables. Descriptions and method used to calculate these variables are described in the next section.
Irrigated Agriculture User Interface Description
The Irrigated Agriculture User Interface consists of a table of contents (Figure 0-3 ) and ten pages of interface. Each of the ten pages has different user selected inputs on the upper half of the page and the same output in the form of dials and bar plots on the lower half of the page (Figure 0-4) . This split interface arrangement allows for efficient observation of calculated results as the input variables are manipulated. Also on the interface pages are text boxes with information relevant to the inputs and, in some cases user input dependent calculated results unique to each page. Because of the numerous user input options, the Irrigated Agricultural Demand Component has its own table of contents where links to ten pages provide access to user adjustable irrigation related variables. Descriptions of these variables are described below in the page 1 to page 10 order depicted in hyperlinked text boxes in the table of contents. Page 1: Diversion Rate and Consumptive Irrigation Requirement  Page 1 User Inputs o Highline and Consolidated Ditch Diversion Rates -these sliders determine the rate at which water is diverted from the Rio Nambe in cubic feet per second (cfs) o Consumptive Irrigation Requirement plus Field Losses -these sliders determine the consumptive irrigation requirement (CIR) plus field losses for farms on each of the five irrigation ditches. The CIR is that portion of water that is lost to evapotranspiration and the field losses account for inefficiencies in the field delivery of water.

Page 1 Outputs -note that the "map" text box is a hyperlink an areal photograph that has the associated farmed fields indexed to each bar on the bar plots. The acreage can also be adjusted from this map and the bar graph at the top of the map because this map is shared with Pages 9 and 10 where the irrigated acreage can be adjusted.
o Required River Diversion -the total amount of diversion from the Rio Nambe to satisfy the required total irrigation demand for one irrigation season. o Required Farm Diversion -the total amount of diversion from the Rio Nambe to satisfy the total farm demand for one irrigation season. o Required Irrigation Days -the total number of days required to meet the total irrigation demand. o Irrigation Ditch Loss -the total irrigation ditch loss (seepage + evaporation) during the number Required Irrigation Days. o Farm Ditch Loss -the total irrigation ditch loss (seepage + evaporation) during the number Required Irrigation Days. o Total Required Irrigation Days for Each Farm and Farm Acreage -these bar plots show the breakdown of day required to irrigate farms on each of the five ditches and the number of associated acres for each farm. o Total Required Irrigation Demand for Each Farm -these bar plots give a breakdown of the irrigation demand for each farm,
Page 1 Information Boxes o Maximum Allowed Diversion per Irrigation Season -the column with the header titled "Flow (cfs)" is the required diversion rate over the 184 day irrigation season that is required to satisfy the quantity of water in the "Allotted (af/ac/IrrSeas)" for each of the three diversion locations indicated in the first column. The "Allotted" values and the diversion locations are stipulated diversions given in the Aamodt settlement as stated in Section 5.1.3 on page 32: "For agricultural uses the diversion amount shall not exceed 4.65 AFY per acre diverted by the ditch at the point of diversion from the surface source of water, 3.35 AFY per acre delivered at the farm head gate or well head, or a consumptive irrigation requirement of 1.84 AFY per acre, whichever is less." The column with the "Actual (af/ac/IrrSeas)" is the diversion from the Rio Nambe that is required to satisfy the allotted diversion given the number of acres selected by the user on pages 9 and 10 of this interface sequence of pages. Efficiencies -The efficiency ratings in the column with the header titled "Calculated" are calculated from the model results and change as the user selects different inputs while the "Target" column values were calculated from the values given in the "allotted" column in the "Maximum Allowed Diversion per Irrigation Season" text box. Ditch Efficiency is the Farm Diversion Divided by the Project diversion, the Farm Efficiency is the CIR divided by the Farm Diversion, and the Project Efficiency is the product of the Ditch Efficiency and Farm Efficiency. Page 2: Highline Ditch Dimensions Page 2 User Inputs Highline Irrigation Ditch Water Line Width and Water Depth -the two bar graphs have "grab points" that allow the user to adjust the widths and depths of the Highline irrigation ditch. Numerical values can also be entered in the number fields below each field. The "map" text box is a hyperlink to an associated areal photograph locating the ditch section using the nomenclature for each ditch section found at the base of each bar of the bar graph. The acreage can also be adjusted from this map through bar graph at the top of the map because 
Irrigation Scheduling
The Irrigation Scheduling section of the model is based on the Irrigated Agriculture component and is independent of all other sections of the model. It was incorporated into the model to illustrate the potential savings by showing losses from the least, most and an intermediate efficient irrigation schedules for the Highline ditch. The three irrigation schedules are as follows: a random schedule where farms are irrigated in a random sequence (least efficient), a top down schedule where farms are irrigated in sequence starting with the farm at the top of the ditch (most efficient), and bottom up where the last farm on the ditch is irrigated first a followed by all other farms in sequence to the top of the ditch (intermediate efficient). The Irrigation Scheduling section does not have any user adjustable variables; however the results are impacted by the user adjustable variables in the Irrigated Agriculture component of the model. The output for the Irrigation Scheduling page is shown in Error! Reference source not found.. The simulation is ran over a 7 month interval starting March 1, and ending October 1, roughly corresponding with the irrigation season which actually starts on April 1. The Irrigation Scheduling simulation tracks two aspects of seepage and evaporation, first they are tracked in the sections in which water is flowing to feed a particular farm ditch, second they are tracked for sections of ditch that experiences loss due to recession of water in the ditch when irrigation is switched from a farm lower on the irrigation ditch to another higher on the ditch. In the later case the modeled assumption is that all water is lost in the ditch to seepage or evaporation between the two farm ditches when recession occurs. Three plots are presented in Figure 0 -3, the upper is a time series of the cumulative irrigation ditch loss for three irrigation schedules over three irrigation events during the entire irrigation season, the middle plot is a bar plot showing the total ditch loss for each of the irrigation schedules, and the lower plot is also a bar plot showing the total seepage and evaporation for the part of the ditch that is feeding water to the farm ditches. The numerical value of each bar is reported above each of the bars. 
Reservoir Model Component
Introduction
The Reservoir Model Component serves several purposes in the Nambe Water Budget Model. First it provides estimates of Nambe Pueblo's storage allocation in the reservoir using historic USGS inflow data and pre-dam USGS Rio Nambe stream flow data which allows the user to gain a perspective on the reservoir storage available to Nambe Pueblo under a variety drought and non-drought conditions. Second, it tracks winter, summer, and total reservoir accumulations as well as those summer accumulations when the flows are above and below 10 cfs. Third, it is used to quantify irrigation shortages under a user selected diversion rates in the Irrigated Agriculture component of the model, and fourth to quantify the number of days the user selected diversion rates are not met. These three outputs are discussed in sections following a discussion on the calibrated reservoir model upon which the three components are built. In contrast to the other model components of the Nambe Pueblo model, Simulation start and stop times in the reservoir model are always set on a three year interval and the time step is over a 0.5 day period. This short simulation period and short time step results in detailed plots that allow for discrimination of time step scaled patterns. The reservoir output sections of the Nambe Model undoubtedly require refinement because, in practice, reservoir releases do not follow a systematic schedule. Rather the releases are dependent on irrigation requirements that vary from week to week, month to month and year to year. Gaining an understanding of this process will involve input from all users and not just Nambe Pueblo. It is anticipated that this opportunity will occur as part of a continuing NMSBA project where the agriculture portion of the Nambe Reservoir model will be expanded down stream to all users of the Nambe Reservoir. The reservoir outputs in the current model are presented here as a primer for Nambe Pueblo to begin thinking about the larger problem of characterizing reservoir releases schedules in a meaningful and insightful manner while considering the type of output that would be useful not only to Nambe Pueblo, but all users of Nambe Reservoir Water. A calibrated Nambe Reservoir model was built as part of this project to allow for investigation of storage and water availability over a broad range of drought and not-drought conditions. The calibrated reservoir model is used in all of the Reservoir component calculations.
Reservoir Calibration
Construction of the Nambe Reservoir calibrated model was a multi step process starting with performing water balance calculations using concurrent USGS inflow and outflow stream gage and USBR evaporation and precipitation data. where operations are not influenced by drought or extremely wet conditions (10/30/2004 to 12/31/2005) . Adjust the USGS inflow and outflow data such that the simulated pool storage matches storage derived from the USGS reservoir water surface elevation through the USBR elevation/capacity rating curve. The inflow factor is then used on subsequent calibrations and retain in the final calibrated model. 2) Incorporate a release schedule based on water supply outlook. The current storage is added to the estimated total runoff from the snow pack and the total is divided by 184 days of irrigation season starting April 1 and ending October 31. Off season releases are 1 cfs. Cumulative inflow plots during spring runoff (April 1 to July 1) roughly indicate runoff from snow melt. For the 2005 year, a wetter than average year, the inflow from snow melt was approximately 3 times the maximum storage of Nambe reservoir while for the 2002 year, a much dryer than average year, inflow from snow melt was 25% of the maximum capacity of the reservoir.
3)
Add in off season release controls based on three possible reservoir storage intervals during the off season: storage less than 1000 af, storage greater than 1000 af and less than 1500 af, and storage greater than 1500 af. An inspection of historic reservoir releases versus reservoir storage during the last thirty years of operation shows that the following release schedule is usually followed: for storage less than 1000 af, release 1.3 cfs; for storage greater than 1000 af and less than 1500 af, release 1.3 cfs; and for storage greater than 1500 af, release 1.0 cfs. These release conditions are used in the calibrated model 4) Add in a reference ET dependent water release. Reference ET is calculated using the Hargreaves' equation described in Appendix A. This modification attenuates water demand, and therefore releases during the early spring and late summer when ET rates are low. 5) Add in a drought reduction factor to account for more conservative water releases during water shortage years. This addition became necessary when the simulation time was expanded to include all the years during which both the above and below reservoir USGS gaging data was available 10/1/2001 to 12/31/2007).
Reservoir User inputs
The reservoir outputs are based on the calibrated reservoir model. The user does not have any options for changing reservoir operation rules. Rather these rules were "hard wired" into the model through the calibration procedure. In this section of the Nambe Pueblo Model, the user also has the option of selecting the input from eleven sets of three year interval stream flow data obtained from three USGS Rio Nambe gauging stations: the current station located above the reservoir (Rio Nambe above Nambe (Figure 0-3) . These plots give the user perspective on the water supply for the years selected for simulation.
Reservoir Outputs
The plots titled outputs titled "Nambe Pueblo Storage Estimates" and "Water Year Inflow Accumulation by Categories" are located on the same page so they are discussed together in the next section and the "Reservoir Release Constrained Diversion Rates" and "Number of Diversion Shortage Days" are discussed together in the last section.
Nambe Pueblo Storage Estimates and Inflow Accumulation
Estimates for Nambe Pueblo storage are based on the US Bureau of Reclamation water accounting process where reservoir losses (evaporation) are proportionally subtracted from each of the user's storage in the reservoir. Reservoir gains are divided among the users according to the percentage of gain each user is allowed. In this accounting scheme Nambe Pueblo receives 13.8% of the reservoir gains through out the year and, for the purpose of the storage estimates, Nambe Pueblo releases are 13.8% of the total releases from the reservoir. 
Reservoir Release, Diversion and Shortages
The Reservoir Release Constrained Diversion Rates page also has two plots ( Figure 0-2) ; the upper plot captures the impact of having inadequate reservoir releases on the required irrigation interval for three irrigation events during three irrigation seasons while the lower plot shows the accumulation of days that the desired diversion was not satisfied. For these simulations, the diversion rates were set at 6.0 cfs. The diversion rates are set in the "Diversion Rate CIR plus Field Losses" page of the Irrigated Agriculture Component. The Irrigation Agriculture Component calculates the time interval required to meet the irrigation demand for both the Highline and Consolidated ditch. The lower plot tracks the accumulation of days during which time stream flows are less than the user set diversion for both the Highline and Consolidated irrigation ditches. In actuality, the model counts each time step during which the Rio Nambe flows are not adequate to meet the user set diversion rate.
In order for there to be no shortages, the Rio Nambe has to flow at 12 cfs using the default settings of 6 cfs for each ditch. The diversion for each of the two ditches can be changed on the "Diversion Rate CIR plus Field Losses" page of the irrigated agriculture component. Hyperlinks are provided to all of the pages of the Irrigated Agriculture component because changing the diversion rate, as well as many of the other user changeable variables in this component, impacts irrigation efficiency, and therefore impacts the required time to complete a round of irrigation.
On the Release Constrained diversion and Shortage Tracking page, the user has the option of altering five variables related to river flow that impact the results in the plots in Figure 0 -2. These user changeable variables are the following: 1) required instream flow below the Highline ditch diversion, 2) required instream flow below the Consolidated ditch diversion, 3) Rio en Medio inflow factor, 4) Spring inflow above Highline, and 5) Spring Inflow above Consolidated. The required downstream flows below the Highline and Consolidated ditch diversions have been added to the model to account for required bypass at these irrigation ditch diversions. The two sliders that adjust Rio Nambe flows to account for spring fed contributions above each of the two diversions were added in recognition that this reach of the Rio Nambe is a gaining reach as evidenced by the observable springs. The Rio en Medio inflow factor accounts for additional flow added to the Rio Nambe below the Highline diversion and above the Consolidated diversion. This tributary contributes about 1/3 of the natural Rio Nambe flow to the Rio Nambe (Jack Veenhuis, Personal communication, Feb 2007) . Inflows into the Nambe Reservoir are multiplied by this factor and added to the Rio Nambe flows below the Highline diversion. The default setting for this inflow is 0.3. This is a plot of Rio Nambe accumulations of different categories of water inflow for the USGS gauge located above the reservoir and the other two pre-dam gauges used as inflow to the reservoir for forecasting purposes.
Estimates for Nambe Pueblo storage are based on the US Bureau of Reclamation water accounting process where reservoir losses (evaporation) are proportionally subtracted from each of the user's storage in the reservoir. Reservoir gains are divided among the users according to the percentage of gain each user is allowed. In this accounting scheme Nambe Pueblo receives 13.8% of the reservoir gains through out the year and, for the purpose of the storage estimates, Nambe Pueblo releases are 13.8% of the total releases from the reservoir. In Figure 0 -2, the 2002 water year ("Water Year Number 1" on the X axis) was a significantly dry year for the southwest and this condition is reflected in the both of the plots in Figure 0 -3 for that year. In the upper plot, the red line shows that for the first irrigation event, the Highline ditch diverted the full 6 cfs while the Consolidated ditch did not obtain the full 6 cfs and despite the deficiency, the Highline diversion ended before the Consolidated diversion. The plot above is derived from the data used in the plot at the top of this page. As is the case with the other plot, the user can investigate the impact of irrigation efficiency improvements while having a definite measure of those improvements in the form of the number of days the desired diversion cannot be met. 
Running the Model
This model is built with Powersim Studio® software Release 7 which, unlike later versions (release 8 and presumably later versions), can be converted to a "Studio 7 Player" format that allows it to be played using the "Studio 7 Player" (Player) provided without charge from the software manufacturer. Player is provided on the compact disk that contains the model and this report. To prepare your computer for running the model, the following tasks have to be completed: 1) Copy the Nambe Pueblo Model folder from the CD on to your hard drive 2) Copy the "Player" folder from the CD to your hard drive.
3) Start the Player installation by double clicking on the PS_Studio_Player.exe 4) Follow the instructions to install the software on your computer 5) Once the software is installed on your computer, start the program (there are many ways to start the program in windows).
At the top of the screen is a menu bar as shown in
Open File
Save Game
Back to Previous Forward to Previous
Return to the The model will open to the "Home Page" which for this model is the Table of Contents page 8) Due to a software bug, you might have to double click on the " 
Summary
The Nambe Pueblo Water Budget and Water Forecasting Model has been documented in this report in sufficient detail to allow the user to understand the fundamentals of the model calculations, the options for model inputs, and the simulated results. The user is encouraged to "play" with the model to become familiar with all of the components and to run comparison runs using the "Save Game" and "Load reference Run" features of the model.
